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INTERACTION ElETWEEN A SHOCK WAVE AND A VORTEX 

M. Merle, J.P. Fragassi, N. Nahhas and B. Carbone 

When an isolated vortex encounters a shock wave, a sound wave /1* 
i s  produced, Study of this phenomenon is especially valuable 
since it i s  related to numerous problems of aerodynamics and 
acoustics (jet engine and rocket engine nolse, noise associated 
with helicopter blades, etc.). 

Experimental Study 

A large shock tube was used (length 18 m, cross section 0.08 
x 0.16). 
(subsonic in our experiments) immediately following the shock wave 
occurring in the low-pressure chamber on an airfoil placed at a 
5' angle. The primary shock wave was relected by the end of the 
low-pressure chamber of the tube and encountered, within the 
observation field, the vortex separated from the trailing edge of 
the model and entrained by the air flow. 

The isolated vortex was produced by the f l o w  of' air 

Observations were made by schlieren photography and pluviometry 
by neans of a high-speed electronic camera taking a series of 16 
successive photographs at a rate of 500,000 images/second. Each 
photograph was then reproduced a given number of times (depending 

camera. In this nay a virtually continuous film with very broad 
slowdown of the phenomenon was obtained. The most important ob- 
servations from this film were deformation of the shock wave fol- 
lowing interaction and the formation of a wave propagating at the 
speed of sound, centered on the transmitted vortex and having four 
successive zones of increasing and decreasing density along its 

dn the slowdown desilled) on 16 mm film by means of an ordinary /2 

* Numbers in the margin indicate pagination in the foreign text. 
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f r o n t .  

The d i s p l a y  methods used made it possible t o  i d e n t i 0  t he  s i t e s  
where the variations in  the index of r e f r a c t i o n  (related t o  spec i f i c  
mass) were maximum, minimum o r  zero.  

Cinematography was used t o  observe the evo lu t ion  and measure 
t h e  v e l o c i t i e s  o f  the  va r ious  p e r t u r b a t i o n s .  

T h e o r e t i c a l  Analysis  

The i n t e r a c t i o n  of a shock wave w i t h  a vor tex  i s  considered 
t o  b e  only a s p e c i a l  ca se  of the g e n e r a l  problem of the  i n t e r a c t i o n  
of  any g iven  p e r t u r b a t i o n  w i t h  a d i s c o n t i n u i t y .  

A l l  p e r t u r b a t i o n s  may be l i v i d e d  i n t o  three b a s i c  types :  

1. A p r e s s u r e  p e r t u r b a t i o n  moving a t  t he  l o c a l  v e l o c i t y  of  
sound and e n t r a i n e d  by t h e  p r i n c i p a l  f low, r ep resen ted  by i s o e n t r o -  
p i c  l o n g i t u d i n a l  waves. 

2.  A p e r t u r b a t i o n  of r o t a t i o n a l  v e l o c i t y  e n t r a i n e d  by t h e  
p r i n c i p a l  f low and r ep resen ted  by i s e n t r o p i c  t r a n s v e r s e  shear 
waves. 

3. A P e r t u r b a t i o n  of r o t a t i o n a l  entropy e n t r a i n e d  by t h e  
p r i n c i p a l  f low and r ep resen ted  by t r a n s v e r s e  waves. 

The i n t e r a c t i o n  of any one of these t h r e e  b a s i c  p e r t u r b a t i o n s  
w i t h  a rhock wave r e s u l t s  i n  the s imultaneous formation of three 
b a s i c  p e r t u r b z t i o n s  behind t h e  s h w k  wave, as well  as deformation 
of  t h i s  wave. 

Considering a s l i g h t  a rb i t ra ry  p e r t u r b a t i o n  of one of these 
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three types, the spatial distribution may be represented by a 
superposition, or a spectrq, of sinusoidal flat waves (longi- 
tudinal or transversi?) distributed over all orientations and 
wavelengths. (This i s  a physical tnterpretation of the mathemati- 
cal formulation of the Fourier integral.) Specifically, the 
rotational velocity field of the separated vortex: 

in which I' = flow around the model; 
t = radial distance; 

and v = viscosity; 
is decomposed into elementary flat shear waves. The interaction - / 3  
of this shock wave with each of these elementary flat waves may be 
analyzed within a suitable system of reference axe; which place the 
problem in a steady state (stationary elementary shock waves and 
ripple). 

The conditions at the limits (relations of oblique shock wave) 
and the differential equation of disturbed flow allow for the 
deformation of the unknown shock wave. A l l  these magnitudes may 
therefore be expressed in non-linear form following interaction 
by means of linear functions: either a single variable i/Ec 
(transverse shear wave) or two variables 
tudinal pressure wave). 

i/Uc and pi/Fe (longi- 

Solving of the differential equatim results in a system of 
linear equations behind the $hock wave. 

Numerical Integration In all directions and with all wave 
numbers yields the total field and the final deformation of the 
shock wave after Interaction. 

This method of analysis may be generalized to all types of 
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perturbation and discontinuity. 

In the case of interaction between a vortex and a shock wave, 
numerical solutions were obtained for different intensities. 

These theoretical analyses were then compared with the ex- 
perimental findings. 

Abstract 

The interaction between a shock wave and a vortex generates 
a sound wave centered on the vortex whose front contains Lour 
alternating zones of compression and expansion. 

The experiments were performed in a large shock tube. The 
use of a high-speed electronic camera incorporated in a schlieren 
photographic orpluviometricoptical assembly made it possible to 
observe the evolution of fhe phenomenon, to pinpoint variations iri 
specific mass and to measure the velocities of the waves. 

A 16 mm film obtained by reproducing the individual photographs 
permitted observation at a much slower speed. 

Theoretical analysis of  this problem led to consideration of 
the general case of the interaction of any given perturbation with 
a discontinuity. 

This type of study is especially valuable in that ft makes 
it possible to determine the process of emission of sound waves 
by supersonic gas jets, the noise associated with helicopter blades, 
and many other aerodynamic and acoustic problems. 
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